sensing ion channels (ASICs) extensively exist in both central and peripheral neuronal systems and contribute to many physiological and pathological processes. The protein that interacts with C kinase 1 (PICK1) was cloned as one of the proteins interacting with protein kinase C (PKC) and colocalized with ASIC1 and ASIC2. Here, we used PICK1 knockout (PICK1-KO) C57/BL6 mice together with the whole cell patch clamp, calcium imaging, RT-PCR, Western blot, and immunocytochemistry techniques to explore the possible change in ASICs and the regulatory effects of PKC on ASICs. The results showed that PICK1 played a key role in regulation of ASIC functions. In PICK1-KO mouse cortical neurons, both the amplitude of ASIC currents and elevation of [Ca 2ϩ ]i mediated by acid were decreased, which were attributable to the decreased expression of ASIC1a and ASIC2a proteins in the plasma membrane. PKC, a partner protein of PICK1, regulated ASIC functions via PICK1. The agonist and antagonist of PKC only altered ASIC currents and acid-induced increase in [Ca 2ϩ ]i in wild-type, but not in KO mice. In conclusion, our data provided the direct evidence from PICK1-KO mice that a novel target protein, PICK1, would regulate ASIC function and membrane expression in the brain. In addition, PICK1 played the bridge role between PKC and ASICs.
protein interacting with C kinase 1; acid-sensing ion channels; protein kinase C; knockout; cortical neurons ACID-SENSING ION CHANNELS (ASICs), with the characteristic of being activated by a drop of the extracellular pH or an increase in proton concentration, are among of the members of the degenerin/epithelial Na ϩ channel superfamily (DEG/ENaC). To date, four genes (ASIC1-ASIC4) encoding six subunits have been identified; they are ASIC1a (ASIC or BNaC2), ASIC1b (ASIC1␤), ASIC2a (MDEG, BNaC1), ASIC2b (MDEG2), ASIC3 (DRASIC), and ASIC4 (SPASIC) (20, 46) . Among them, ASIC1b and ASIC3 are predominantly expressed in the peripheral nervous system, whereas ASIC1a, ASIC2a, ASIC2b, and ASIC4 have relatively widespread distribution in the central nervous system (CNS) (1, 2, 3, 27, 42) . However, ASIC1a is the most abundantly expressed subunit in almost all areas of the CNS, including the forebrain, midbrain, brainstem, pons, cerebellum, hippocampus, and spinal cord (2) .
Although ASIC2b and ASIC3 are mainly related to mechanoreception (19, 24, 25) and nociception (6a, 28, 35, 43) and ASIC4 has not yet been fully understood (1, 16) , ASIC1a and ASIC2a seem to be the most important functional subunits in the brain. Increased evidence has proved that ASIC1a is involved in synaptic plasticity, learning and memory, and fear conditioning (39 -41) . ASIC1a may also participate in the processes of brain ischemia, and Ca 2ϩ overload followed by ASIC1a activation can cause cell damage and death during cerebral ischemia (47, 49) . However, the exact regulation pathway or interacting proteins have not been fully understood. Some recent studies have shown that two partner proteins interact with ASICs, namely channel-interacting postsynaptic density-95/Dlg/zonula occludens-1 (PDZ) domain-containing protein (CIPP) with ASIC3 (4) and protein interacting with C-kinase (PICK1) with ASIC1 and ASIC2 (13, 17) .
PICK1 is a peripheral membrane protein initially cloned as one of the proteins interacting with protein kinase C-␣ (PKC␣). It has been found to be expressed in many tissues with highest expression in the brain (31, 44) . With PDZ domain, the protein-protein module, PICK1 protein interacts with over 40 proteins to date, including receptors, transporters, and ion channels. Mostly, PICK1 acts as a scaffolding protein that regulates the trafficking of its binding partners by altering either their subcellular targeting or surface expression. It has been reported that PICK1 can change the localization of ␣-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) receptors, Eph receptors and ligands, mGluR7a, and monoamine transporters in heterologous expression systems (8, 12, 33, 34, 48) .
As for the interaction between PICK1 and ASICs, recent studies have displayed that ASIC1 and ASIC2 colocalize with PICK1 at the peripheral sensory endings of dorsal root ganglia neurons, as well as the synapse and cell bodies of some central neurons. PICK1 interacts specifically with the COOH termini of these ASICs through its PDZ domain (13, 17) . However, there are no direct evidences presented for the functional alteration of ASICs by interfering with PICK1. Furthermore, PICK1 is originally isolated by its ability to bind the COOH terminus of PKC via its single PDZ domain (30, 31) and could cross link two different partners through its coiled-coil region (30, 31, 44) . One report demonstrated that PKC stimulated ASIC2a via the PDZ domain-containing protein PICK1 in transfection system (6) . Therefore, whether PICK1 was a vital coupling factor between PKC and ASICs was also worth investigating.
Here, we employed the PICK1 gene knockout (PICK1-KO) C57/BL6 mice to investigate the effect of PICK1 on the function and expression of ASICs and further probed the contribution of PICK1 to the relationships between PKC and ASICs. Our study demonstrated that the functions and the membrane expressions of ASIC1 and ASIC2a were degraded in PICK1-null neurons and that PKC binding to PICK1 contributed to ASIC function.
MATERIALS AND METHODS
Breeding and genotyping of PICK1-KO mice. The initial pairs of heterozygote C57/BL6 mice with disrupted PICK1 gene (PICK1 ϩ/Ϫ) were kindly provided by Dr. Jun Xia and were mated to intercross (15, 32) . The genome DNA was extracted from the tails of filial generation (after 28 days or newborn), and the PCR method was employed to amplify the PICK1 gene fragment. Primers used for PCR analysis of PICK1 are listed in Table 1 . Five microliters of DNA were used as a template in each 25-l PCR reaction. The cycling parameters consisted of one cycle of 95°C for 2 min and then 40 cycles of 95°C for 60 s, 60°C for 60 s, and 72°C for 40 s, followed by a single 7-min cycle at 72°C for extension. PCR products were electrophoresed on a 2% agarose gel using PCR markers (Tiangen Biotech) as the standard to determine the molecular size. Analysis was performed with GENIUS bio imaging system. All animals were bred at 24°C in specific pathogen-free animal house and provided with standard mice chow and water ad libitum.
Primary cell culture. The experimental protocols were approved by the Committee of Animal Care of Huazhong University of Science and Technology. Littermate newborn mice were used for experiments, and the tails were kept to identify the genotypes. Neurons were isolated as previously described (23) with some modifications. Briefly, newborn (days 0-1) mice were decapitated, and brains were rapidly removed and placed in ice-cold PBS (pH 7.4). Cerebral cortices were dissected and digested with 0.125% trypsin-EDTA for 18 min at 37°C. Followed by trituration and centrifugation at 118 g for 5 min, cells were resuspended and plated on poly-L-lysine-coated glass coverslips or culture dishes. Neurons were cultured with DMEM with 10% fetal bovine serum (Hyclone), 2 mM L-glutamine (Sigma), and 100 U/ml penicillin-streptomycin. After 1 day, the medium was changed 2/3 to DMEM supplemented with 2% B27 (Gibco) and replaced every 3 days. The cultures were maintained at 37°C in a humidified 5% CO 2-95% O2 atmosphere incubator. Experiments were performed on days 6 to 8.
Electrophysiological experiments. The whole cell patch-clamp techniques were performed in a voltage-clamp mode; membrane currents were recorded with HEKA EPC-10 patch-clamp amplifier (HEKA) connected to a compatible computer via D/A and A/D converter. Pulse Plus Pulsefit software 8.6 (HEKA) was used to produce protocols and acquire and process data (10, 40) . Borosilicate glass pipettes (1.5-mm diameter) were pulled with a two-stage microelectrode puller (Narrishige), and the resistance between the recording electrode filled with pipette solution (140 mM KCl, 10 mM NaCl, 1 mM MgCl 2·6H2O, 5 mM EGTA, 2 mM MgATP, 10 mM HEPES, pH 7.4 with Tris-OH) was 2-5 M⍀. The series resistance (Rs) was electrically compensated to minimize the capacitive surge on the current recording, and 50 -80% series resistance was compensated in most experiments. Cortical neurons tested were voltage clamped at Ϫ80 mV throughout the experiments. A multibarrel perfusion system was used to achieve a rapid exchange of extracellular solutions (150 mM NaCl, 5 mM KCl, 1 mM MgCl2·6H2O, 2 mM CaCl2, 10 mM glucose, 10 mM HEPES, pH 7.4 or 6 with Tris-OH). The duration of the pH 7.4 to pH 6.0 applications was 6 s. All experiments were performed at room temperature (22-25°C) .
Calcium imaging. Cerebral cortical neurons grown on glass coverslips were washed three times with standard extracellular solutions (150 mM NaCl, 5 mM KCl, 1 mM MgCl2·6H2O, 2 mM CaCl2, 10 mM glucose, 10 mM HEPES, pH 7.4 with Tris-OH) and incubated with 1 M fura-2/AM for 20 min at 37°C. Followed by three washes and additional incubation in standard extracellular solutions for 30 min, the coverslips were then transferred to a chamber fixed on the movable stage of an inverted microscope (Olympus IX-70). Fura-2/ AM-loaded cells were illuminated at 340 nm for 150 ms and 380 nm for 50 ms at 1-s intervals using a TILL Polychrome monochromator. 
RT-PCR experiments.
For the RT-PCR, the mice were killed by decapitation under chloral hydrate anesthesia, and cortex tissues were removed quickly. Total RNA was isolated from littermate wild-type (WT) (PICK1ϩ/ϩ), heterozygote (PICK1ϩ/Ϫ), and homozygote (PICK1Ϫ/Ϫ) mice using TRIzol reagent (Invitrogen) followed by isopropanol precipitation. RNA concentration was assessed by spectrophotometry, and 2 g RNA was used for cDNA synthesis with the RevertAid First-Strand cDNA Synthesis system for RT-PCR kits (Fermentas). Primers used for RT-PCR analysis of ASIC1, ASIC2, and ␤-actin expression are listed in Table 2 . Three microliters of the first-strand product were used as a template in each 25-l PCR reaction. The cycling parameters consisted of one cycle of 94°C for 5 min and then 35 cycles of 94°C for 15 s, 47°C for 45 s, and 72°C for 30 s followed by a single 5-min cycle at 72°C for extension. RT-PCR products were electrophoresed on a 2% agarose gel using PCR markers (Tiangen Biotech) as the standard to determine the molecular size. Samples without the addition of reverse transcriptase or without the addition of RNA (negative controls) revealed no detectable product (data not shown). Analysis was performed with GENIUS Bioimaging System. All assays were performed at least three times.
Western blot experiments. To extract the total proteins, cortex homogenates were lysed on ice for 30 min in lysis buffer (50 mM Tris·HCl, pH 7.4, 1 mM EDTA, 100 mM NaCl, 20 mM NaF, 3 mM Na 3VO4, 1 mM PMSF, with 1% Nonidet P-40, and protease inhibitor cocktail). The lysates were centrifuged at 12,000 g for 15 min, and the supernatant was recovered. The membrane proteins were extracted according to the protocol in Plasma Membrane Protein Extraction Kit (Biovision) and then dissolved in 0.5% Triton X-100 PBS. After being boiled in SDS sample buffer (5 min), equal amounts of protein (30 g) of the lysates were loaded in each lane and separated on 10% SDS/PAGE gels. The proteins were then transferred to nitrocellulose membranes by using a transfer cell system (Bio-Rad). For measurement of membrane protein, the nitrocellulose membrane was stained with Ponceau S to ensure the equal loading of protein. After being blocked, the proteins were probed with the appropriate primary antibodies against ASIC1 (Alomone; 1:200 dilution), ASIC2a (Alomone; 1:200 dilution), PICK1 (Abcam; 1:500 dilution), PKC (Boster; 1:400 dilution), PKC␣ (Boster; 1:200 dilution), ␤-actin (Abcam; 1:3,000 dilution), and ␤-tubulin (Cell Signaling; 1:2,000 dilution). Membrane-bound primary antibodies were detected using proper secondary antibodies conjugated with horseradish peroxidase. Immunoblots were developed on films using the enhanced chemiluminescence technique (SuperSignal West Pico, Pierce). All assays were performed at least three times.
Immunofluorescence of cortical neurons. Cerebral cortical neurons grown on coverslips were fixed with 4% paraformaldehyde in 0.01 M (pH 7.4) for 30 min and then were rinsed three times with PBS for 10 min each. Followed by permeabilization with PBS/0.3% Triton X-100 for 30 min, all cells were blocked with 3% bovine serum albumin (BSA) in PBS for 1 h and then incubated with 1:50 anti-PKC␣ antibody (Cell Signaling Technology) and 1:50 anti-ASIC1 antibody (Alomone) in PBS/0.3% Triton X-100/1% BSA/2% goat serum overnight at 4°C. Cells were rinsed in PBS three times, 5 min each time, and then incubated with 1:100 goat anti-mouse tetramethylrhodamine isothiocyanate-conjugated and 1:100 goat anti-rabbit FITC-conjugated second antibody (Pierce) in PBS containing 0.3% Triton X-100, 2% goat serum, and 1% BSA for 1 h at room temperature. After being washed three times in PBS, cells were mounted on glass slides with 50% glycerin and imaged using an Olympus IX-70 microscope.
Statistical analysis. Data were expressed as means Ϯ SE. Comparisons between two groups were made using a two-tailed Student's paired or unpaired t-test, and comparisons among multiple groups were made using one-way analysis with a post hoc test. Differences were considered statistically significant at P Ͻ 0.05.
RESULTS
Genotyping of C57/BL6 mice. Because PICK1 deficiency causes male infertility in mice (45) , the experiments were carried out by using littermate C57/BL6 mice born from PICK1ϩ/Ϫ mice, and the results of genotyping are listed in Fig. 1 . By using PICK1 primer, PCR analysis detected WT gene in tail extracts from PICK1ϩ/ϩ mice and mutant gene in PICK1Ϫ/Ϫ mice, whereas PICK1ϩ/Ϫ extracts had both genes (Fig. 1A) . The results had also been verified by Western blotting (Fig. 1B) . The heredity abides by Mendelian genetic law.
Attenuation of ASIC function in PICK1-KO mice. To determine whether ASIC functions were altered after PICK1 gene KO in physiological condition, ASIC currents and acid-induced [Ca 2ϩ ] i elevation in cultured cortical neurons from littermate PICK1ϩ/ϩ, PICK1ϩ/Ϫ, and PICK1Ϫ/Ϫ mice were observed. Firstly, ASIC currents were recorded, and the sizes of neurons about 17.74 Ϯ 5.91 pF were of interest. At a holding potential of Ϫ80 mV, a rapid reduction of extracelluar pH to 6.0 resulted in the activation of transient inward current, and the current amplitude of WT neurons was about 224.2 Ϯ 17.6 pA (n ϭ 15). In the presence of 100 M amiloride (nonspecific inhibitor of ASICs) and 100 ng/ml psalmotoxin 1 (PcTx1) (specific inhibitor of ASIC1), the current elicited by acid was decreased by 87.24 Ϯ 7.65% and 65.68 Ϯ 5.13%, respectively (n ϭ 3), indicating that the current recorded in mouse cortical neurons is ASIC-like currents, and ASIC1 might be the main component ( Fig. 2A) . However, the amplitude of current evoked by acidosis declined significantly in both heterozygote and homozygote mice cortical neurons. In contrast to WT mice, the peak current was about 140.3 Ϯ 28.6 pA in PICK1ϩ/Ϫ mice (n ϭ 17, P Ͻ 0.05 vs. WT) and 61.3 Ϯ 9.6 pA in PICK1Ϫ/Ϫ mice (n ϭ 14, P Ͻ 0.01, vs. WT, P Ͻ 0.05, vs. heterozygote) (Fig. 2, B and C (Fig.  3, B and C) . The value of ⌬F/F was 0.333 Ϯ 0.023 in heterozygote mice (n ϭ 27, P Ͻ 0.01, vs. WT) and 0.195 Ϯ 0.020 in homozygote mice (n ϭ 26, P Ͻ 0.01, vs. WT, P Ͻ 0.01, vs. heterozygote) (Fig. 3D) . These findings indicate that PICK1 plays a key role in ASIC functions in primary cultured mouse cortical neurons and that both ASIC currents and acid-induced [Ca 2ϩ ] i increase are damaged without the PICK1 gene.
Downregulation of membrane ASIC1 and ASIC2a expressions in PICK1-KO mice. To approach the mechanism of the effects of PICK1 on ASIC functions, we used RT-PCR and Western blotting techniques to verify the expressions of ASIC1 and ASIC2a (18) . First, the total mRNA expressions of ASIC1 and ASIC2 in PICK1ϩ/ϩ, PICK1ϩ/Ϫ, and PICK1Ϫ/Ϫ cortex were observed. Consistent with PICK1ϩ/ϩ mice, ASIC1 and ASIC2 transcripts were both detected in PICK1ϩ/Ϫ and PICK1Ϫ/Ϫ mice. Compared with ␤-actin, the genes of ASIC1 and ASIC2 were almost not changed among three types of animals (n ϭ 3, Fig. 4A ). Then the total protein expressions of ASIC1 and ASIC2a in WT and PICK1-KO mice cortex were assessed. Similarly, there were no significant differences between them (Fig. 4B) . The summary data indicated that the protein expressions of ASIC1 (n ϭ 6) and ASIC2a (n ϭ 3) remained unchanged (P Ͼ 0.05, Fig. 4C ). Our results reveal that the decrease in ASIC function in PICK1-KO neurons does not correlate with the total expression of ASIC1 and ASIC2a protein.
Because PICK1 had been reported to regulate the trafficking of its binding partners, we presumed that PICK1 may modify the subcellular fraction of ASICs but not the total expressions.
Thus the protein expressions of ASIC1 and ASIC2a in the plasma membrane were investigated. Interestingly, the distribution of both proteins in the plasma membrane was decreased significantly (Fig. 4D) . The statistical data displayed that PICK1 influenced the membrane protein expressions of ASIC1 and ASIC2a. Compared with the cortex of WT mice, the expressions of ASIC1 and ASIC2a in PICK1-KO plasma membrane were decreased to 44.1 Ϯ 13.3% and 42.7 Ϯ 11.5%, respectively (n ϭ 3, P Ͻ 0.05 vs. WT, Fig. 4E ). These results suggest that PICK1 augments the function of ASICs mainly through the upregulation of membrane fraction of ASICs.
PKC modulates ASIC functions via PICK1. PKC had been reported to control ASIC1 function and stimulate ASIC2a in heterogenous cell systems (6, 7), and PICK1 was originally isolated by its ability to bind PKC. Therefore, we presumed that the regulation effect of PKC on ASIC functions was mediated through PICK1. To test our hypothesis, the alterations of ASIC currents and acid-mediated calcium releasing were observed by using agonist and antagonist of PKC. As illustrated in Fig. 5A , by switching the extracellular pH from 7.4 to 6.0 quickly and keeping the holding potential at Ϫ80 mV, we were able to show that the ASIC currents were induced with the amplitude of 228.6 Ϯ 20.1 pA (n ϭ 13) in WT and 65.4 Ϯ 7.0 pA (n ϭ 10) in KO neurons, respectively. Preincubation with 10 M GF109203X (PKC inhibitor) and 1 M PMA (PKC activator) for 30 min markedly altered the amplitude of currents in WT group but not in KO group (Fig. 5A) . The statistical result showed that the PKC inhibitor GF109203X decreased the amplitude approximately onefold to 107.5 Ϯ 15.8 pA (n ϭ 19, P Ͻ 0.01, vs. control), and PKC activator PMA increased the amplitude more than threefold to 756.9 Ϯ 144.9 pA (n ϭ 11, P Ͻ 0.01, vs. control) in WT cortical neurons. Meanwhile, the currents in KO cortical neurons still remained at 64.4 Ϯ 4.8 pA (n ϭ 7, P Ͼ 0.05) and 84.3 Ϯ 13.1 pA (n ϭ 10, P Ͼ 0.05), respectively (Fig. 5B) . (Fig. 5C) . From the summary data, it was found ] i was reduced to 0.175 Ϯ 0.014 (n ϭ 26, P Ͻ 0.01, vs. control) with PKC inhibitor and raised to 1.080 Ϯ 0.112 (n ϭ 14, P Ͻ 0.01, vs. control) with PKC activator in WT group. However, it remained at 0.218 Ϯ 0.024 (n ϭ 20, P Ͼ 0.05) and 0.267 Ϯ 0.025 (n ϭ 13, P Ͼ 0.05) in KO group, respectively (Fig. 5D) . These results indicate that PICK1 is an essential mediator for PKC to produce a marked effect, and the regulation of PKC on ASIC functions must be mediated through interaction with PICK1.
PKC activation enhances the expression of ASIC1 in the plasma membrane via PICK1 gene. To clarify the mechanism how PKC modulated ASIC function through PICK1 gene, we observed the protein expressions of total PKC and the main active subunit of PKC␣. Unlike the mode of action of PICK1 on ASICs, knocking out of PICK1 gene neither changed PKC expression nor PKC␣ protein level (Fig. 6, A and B) . Also, no significant changes in PKC␣ quantity and distribution were observed by immunofluorescent staining between WT and PICK1-KO mouse cortical neurons (Fig. 6, C and D) . These results indicate that the expression of PKC is independent on the existence of PICK1 gene.
We then chose ASIC1 to investigate the colocalization of PKC␣ and ASICs. Double-label immunofluorescence showed that ASIC1 and PKC were coexpressed in cortical neurons, and there was no difference between WT and KO mice. After preincubation with PKC activator (PMA, 1 M) for 30 min, the overlapped fluorescence intensity in WT neurons seemed to become stronger than that in KO neurons (Fig. 7) . However, it is worth noting that the enhanced fluorescence intensity was mainly attributable to the expression of ASIC1, which was located in the plasma membrane. The results indicate that, with the action of PICK1 gene, PKC activation causes an increase in the membrane expression of ASIC protein and then facilitates ASIC currents in cortical neurons.
DISCUSSION
Our results provide direct evidence from PICK1-KO mice that PICK1 upregulates ASIC functions via promoting ASIC aggregation in plasma membrane. As the binding protein of PICK1, PKC also has a positive modulation effect on ASIC currents and ASIC-mediated Ca 2ϩ increase, which depends on the presence of PICK1 gene.
ASICs, one of the new discovered cation channels, are found in both central and peripheral neuronal systems and play various functions there. Up to date, many modulators are clarified to regulate ASICs, including endogenous trace elements Ca 2ϩ , Zn 2ϩ , and Cu 2ϩ (11, 14, 38) and signaling molecules neuropeptide FF, FMRFamide, arachidonic acid, and so on (5, 29) . PICK1, a kind of scaffolding protein, is also reported to colocalize with ASICs and interact with ASIC1 and ASIC2 via its PDZ-binding domain (17) . As for the interaction between PICK1 and ASICs, PKC is known to stimulate ASIC2a in the presence of PICK1 (6), and PKA phosphorylation of ASIC1 reduces PICK1 binding (21) . PICK1 itself has little effect on ASIC currents. However, when we used PICK1 KO mice to explore the action on ASICs directly, it was demonstrated that ASIC currents and the intracellular Ca 2ϩ level induced by extracellular acidosis in cultured cortical neurons were both weakened after PICK1 gene disruption. The different results indicate that PICK1 is crucial for the function of ASICs, but the binding affinity does not determine the interaction of PICK1 and ASIC because of the complementary phosphorylation of protein kinase. In our experiment, the ASIC currents were elicited by pH dropping to 6.0, which was close to pH 0.5 of homomeric ASIC1a channel (37) , and only ASIC1a channel is permeable to Ca 2ϩ (47) ; therefore, we speculate that ASIC1a should be the major subunit on which PICK1 acts. However, just as we have known, besides ASIC1a, ASIC2a is the other major functional ASIC channels in cortex (2, 27) . In the present study, PcTx1 cannot abolish the ASIC current completely, indicating that PICK1 may also act on ASIC2a subunit.
PICK1 has been known to be a kind of scaffolding protein to regulate the trafficking of its binding partners, for example, AMPA receptors (15, 44) . To clarify the mechanisms of ASICs regulated by PICK1, we investigated the total and membrane expression changes in ASIC1 and ASIC2a. Although the total amount of mRNA and protein remained unchanged here, almost half of the plasma membrane ASIC1 and ASIC2a proteins were lessened after PICK1 gene deprivation. In this regard, clustering of ASIC1 and ASIC2a in plasma membrane induced by PICK1 could account for the regulation of ASIC current. Because ASIC1b is distributed predominantly in peripheral neurons, ASIC1a and ASIC2a should be the main proteins to be linked. When they are targeted to the membrane by PICK1, the extracellular acidosis tends to activate the channels. Thus PICK1 here acts as an anchoring protein to regulate the subcellular distribution of ASICs, which is the possible mechanism to induce ASIC activation. As for how PICK1 regulates the subcellular distribution of ASICs, it needs to be investigated in the future.
PKC plays a central role in many signaling pathways. Among the proteins interacting with PKC, PICK1 is originally identified as a PDZ-domain protein by a yeast two-hybrid screening (31) . It is reported that the interaction between the PDZ-binding domain of PICK1 and PKC␣ is necessary to induce translocation of PICK1 to the membrane. However, the binding seems to be transient, and, once PICK1 is anchored on the membrane, it is separated from PKC␣ and the unbound PICK1 then regulates the receptor/transporters on the membrane (22) . PICK1-dependent transport of GluR2 subunit from the synaptic membrane by the activated form of PKC␣ is the typical example (26) . Many other receptors, channels, and transporters have also been shown to interact with PICK1; ASIC1 and ASIC2 are among of them (13, 17) , and these two channels have been reported to be phosphorylated by PKC (6, 7) .Therefore, there should be a close relationship among PKC, PICK1, and ASICs. Our data presented that PKC agonist increased the amplitude of ASIC current and acid-induced Ca 2ϩ entry in WT group and vice versa. However, in the PICK1 KO neurons, the effects of PKC agonist and antagonist were abolished, suggesting that PICK1 is an indispensable protein to connect PKC and ASICs.
In the presence of PICK1, the regulation of PKC on ASIC function arises for three reasons, namely an increase in the amount of PKC, and/or coexpression of PKC and ASICs, and/or the expression of ASICs in the plasma membrane. With consideration of the total protein level of PKC including the main active subunit PKC␣ remaining unchanged, the increase in colocalization of PKC and ASICs, and more importantly, significant enhancement of membrane ASIC levels should be the major mechanism underlying the potentiation of ASIC function. PKC must bind and interact with PICK1 to mediate ASIC expression and function; that is, PICK1 acts as a bridge between PKC and ASICs.
In conclusion, PICK1 upregulates membrane ASIC1 and ASIC2 expression and then modulates their function. Meanwhile, in the presence of PICK1 gene, PKC also increases ASIC levels in plasma membrane and then facilitates ASIC currents and ASIC-mediated Ca 2ϩ release in cultured cortical neurons. These findings might provide possible pathways in the treatment of neuronal disease associated with ASICs; besides blockage of ASIC channels, interfering with PICK1 gene that functions as a bridge or restraining PKC activity might also be the effective ways.
